1. Introduction {#s0005}
===============

Schistosomiasis is a major health problem in Africa. Urinary schistosomiasis is endemic in 44 African countries including Nigeria with an estimated population of 101.28 million people who are at risk with 25.83 million persons infected ([@bb0080]).

Despite the mass chemotherapy aimed at reducing morbidity, the prevalence of the disease in Nigeria may be increasing due to poverty, inadequate or total lack of public health facility, low illiteracy level and inadequate infrastructure. The lack of scientific information on the disease in many rural communities among the high risk groups particularly school age children is another important factor that has adversely affected control efforts.

The distribution patterns of parasitic diseases are greatly influenced by environmental factors. Geographic information systems and remote sensing have become important tools in predicting infection risk and identifying environment factors at local and broad scale related to risk and therefore allows decision makers to allocate limited resources meant for control interventions in a cost effective manner ([@bb0030], [@bb0090]). Several studies have developed Africa wide risk maps for the transmission of malaria using climatic determinants of parasites transmission ([@bb0075]). To date, for schistosomiasis no such maps except for several ongoing projects aimed at achieving this. One of the challenges in developing a continent-wide environmental based schistosomiasis risk map is the variation in biotic requirement of different snail host species that can be found all over Africa. It has been found that climatic suitability risk maps are peculiar for a particular location and cannot be used to predict risk in other places. However, each model could be extrapolated within the same ecological zone presumed to reflect the distribution of the different host snail species. ([@bb0035]). There is a need to develop an integrated risk map for schistosomiasis that takes into account variations in different climatic zones in order to develop an Africa wide risk map for schistosomiasis. Thus far, in Nigeria, a model of schistosomiasis has been developed at the national scale by [@bb0055] and few other models at local scales ([@bb0050], [@bb0005]). The present report appears to be the first attempt at developing a schistosomiasis risk map for Ondo State albeit at a local scale.

2. Methodology {#s0010}
==============

2.1. Study area {#s0015}
---------------

Ondo State is situated in the heartland of the tropical rainforest belt of Western Nigeria. The climate is humid with small seasonal and daily variations. It lies between latitude 5^°^6N and 8^°^2N and longitude 4^°^17N and 6^°^17N. The average rainfall is concentrated during the months of May to October with a short break in August and considerable variations from year to year. Ile Oluji/Oke Igbo is one of the local government areas in Ondo state.

2.2. Field survey {#s0020}
-----------------

The current prevalence of disease was determined by parasitological analysis of urine samples collected from inhabitants of geocoded buildings. Infections were detected by demonstration of eggs in urine. Questionnaires were also administered to obtain demographic and socio economic characteristics of the study population.

2.3. Remote sensed image and environmental data {#s0025}
-----------------------------------------------

Land surface temperature (LST) and the normalized difference vegetation index (NDVI) and altitude information were derived from satellite images using standard procedures. Minimum, mean and maximum values of these data were extracted for each pixel that corresponds to the location of the study area. Rainfall data was obtained from climate research units.

2.4. Data analysis {#s0030}
------------------

Analysis of relationships between household infection prevalence, environmental data and location of water bodies was studied using appropriate software (ESRI ARCGIS 10) Spatial Statistics and regression analyses were used to analyse the correlation of environmental factors to prevalence of schistosomiasis and develop a risk map in correlation to transmission risk.

3. Results {#s0035}
==========

3.1. Prevalence based on households {#s0040}
-----------------------------------

The results reveal that out of the 526 households screened, 123 households (23.4%) harboured at least one individual positive for schistosomiasis infection ([Table 1](#t0005){ref-type="table"}, [Table 2](#t0010){ref-type="table"}, [Table 3](#t0015){ref-type="table"}).Table 1Prevalence of *S. haematobium* infection in relation to gender (P \< 0.05).Table 1SexNo examinedNo (%) positiveNo (%) negativeM35676(21.3)^a^280(78.7)F40450(12.4)^b^354(87.6)Total760126(16.6)634(83.4)Table 2Prevalence of *S. haematobium* infection in relation to age (P \< 0.05).Table 2AgeNo examinedNo (%) positiveNo (%) negative\< 1020033(16.5)^a^167(83.5)10--1925159(23.5)^b^192(76.5)20--2910224(23.5)^c^78(76.5)30--39766(7.9)^d^70(92.1)40--49553(5.5)^e^52(94.5)50--59331(3.0)^f^32(97.0)\> 59430(0.0)^g^43(100.0)Total760126(16.6)634(83.4)Table 3Prevalence of *S. haematobium* infection in relation to occupation (P \< 0.05).Table 3OccupationNo examinedNo (%) positiveNo (%) negativeStudent492101(20.5)^a^391(79.5)Fisherman41(25.0)^b^3(75.0)Farmer453(6.7)^c^42(93.3)Trader1207(5.8)^d^113(94.2)Skilled labour546(11.1)^e^48(88.9)Civil servant257(28.0)^f^18(72.0)Professional70(0.0)^g^7(100.0)Others131(7.7)^h^12(92.3)Total760126(16.6)634(83.4)

The environmental variables analysed include elevation, land use, NDVI, rainfall, slope and temperature.

The elevation of the study area was grouped into four levels in metres ranging from 92 to 237.02, 237.03--279.18, 279.19--328.08 and 328.09--522. ([Fig. 1](#f0005){ref-type="fig"}a).Fig. 1Map of (a) elevation, (b) landuse, (c) NDVI, (d) rainfall (e) slope, (f) temperature.Fig. 1

The land use of the study area was categorized into four classes: water body, settlements, vegetation and exposed surface. ([Fig. 1](#f0005){ref-type="fig"}b).

The vegetation was grouped into three categories: No vegetation, sparse vegetation and dense vegetation. ([Fig. 1](#f0005){ref-type="fig"}c).

The annual rainfall (mm) for the period May 2014 to November 2014 was categorized into the levels ranging from 1692.67--1709.67, 1709.68--1726.67, 1726.68--1734.66, 1734.67--1760.66 and 1760.67--1,777.66. ([Fig. 1](#f0005){ref-type="fig"}d).

The slope of the study area was grouped into four classes, flat, gentle, moderate and steeply. ([Fig. 1](#f0005){ref-type="fig"}e).

Land surface temperature was graded into three categories ranging from 20.2c-21.28°C, 21.29--22.2°C and 22.21--25.28°C. ([Fig. 1](#f0005){ref-type="fig"}f).

3.2. Correlation of environmental factors to prevalence in the study area {#s0045}
-------------------------------------------------------------------------

There was a negative correlation between infection and elevation, infection decreased as attitude increase. ([Fig. 3](#f0015){ref-type="fig"}a).

There was a positive correlation between vegetation and prevalence. Prevalence increased as the vegetation becomes denser. ([Fig. 3](#f0015){ref-type="fig"}b).

Rainfall was positively correlated to infection. Rainfall value increased as prevalence increased. ([Fig. 3](#f0015){ref-type="fig"}c).

A positive correlation between prevalence and slope was also observed. ([Fig. 3](#f0015){ref-type="fig"}d).

The analysis of the correlation of environmental factors to prevalence of schistosomiasis shows a positive correlation between prevalence and temperature. Infection increased as the mean land surface temperature increased. ([Fig. 3](#f0015){ref-type="fig"}e).

Buffers ranging from 100 to 2000 m were created around the river course. There was a positive correlation between proximity to water body and prevalence. Prevalence decreases slowly as proximity to water body increases. ([Fig. 3](#f0015){ref-type="fig"}f).

3.3. Risk map of the study area {#s0050}
-------------------------------

The maps of the environmental variables and prevalence were integrated using a multicriteria analysis to create the risk map. [Fig. 2](#f0010){ref-type="fig"} highlights the spatial distribution of urinary schistosomiasis in the study area.Fig. 2Risk Map for *S. haematobium* in the study area.Fig. 2Fig. 3Graph of (a) elevation, (b) NDVI, (c) rainfall, (d) slope (e) LST, (f) proximity to water body.Fig. 3

4. Discussion {#s0055}
=============

The results reveal that Oke Igbo harboured more infected individuals than Ile Oluji community. This may be because Oke Igbo has more contaminated body waters and is less developed than Ile Oluji.

The two major environmental factors which are fundamental to schistosomiasis are temperature and rainfall. Both factors show a positive correlation with prevalence data in this present study. The association between temperature and schistosomiasis transmission is expected since the risk of contracting the disease increases during the dry season due to high temperatures, increased water contact either for recreational or domestic purposes and concentration of snails in infected rivers and streams among others ([@bb0045]). This is in line with the report by [@bb0050] that the significant variable in predicting the absence and presence of urinary schistosomiasis in Ogun state was mean minimum LST. [@bb0065] who also modelled schistosomiasis in Africa records that maximum and minimum spring and autumn temperatures predicted an increase in the prevalence of *Schistosoma haematobium*. However, [@bb0015] reports that annual maximum or minimum temperatures were not shown to be significant factors influencing schistosomiasis prevalence in local populations in Bahia, Brazil. In this study, the high risk area corresponds to areas with temperature \> 22 °C, low to moderate risk of infection were found in areas \< 22°C. The optimal temperature for snail development and survival is around 25 °C.

An association between snail distribution, abundance and rainfall has been found in several studies. The condition of snail habitat is affected by rainfall in diverse ways. Snails cannot survive without water and too much water also reduces snail population ([@bb0075]). Rainfall contributes to the creation of temporary snail habitats and also supports creation of new habitats as there is transportation of snails by heavy rainfall. It is also noteworthy that rainfall directly maintains the pollution of water by washing human sewage into potential snail habitats ([@bb0045]). The rainfall range that was favourable for snail host populations corresponds with the amount of rainfall in the study area. There was an increase in prevalence as rainfall increases. Rainfall has also been found to be highly correlated with elevation ([@bb0070]). It is speculated that both factors have an effect on the flow velocity of rivers which in turn is likely to influence the presence of the intermediate host snail of schistosomiasis. The results of a study by [@bb0015] however indicate that the duration of the dry season is more significant than the amount of rainfall or length of the wet season in influencing distribution and transmission of *Schistosoma mansoni* in Bavia. This result supports the analysis from water contact behaviour which shows a high and prolonged water contact during dry season leading to increased transmission, even with a reduction in snail population at this period. The model by [@bb0065] also supported the hypothesis that rainfall correlates positively with *S. haematobium* prevalence. Precisely, likelihood of transmission of schistosomiasis in the model increased as annual rainfall increases. However, according to [@bb0010], the spatial relationship between rainfall and snail population dynamics and infection transmission is difficult to measure since the effect of rainfall varies depending on species of snail and the geographical location.

Elevation determines stream order and flow velocity of rivers which influences the presence of snail hosts. In this study, the prevalence and elevation was negatively correlated. Infection decreased as the attitude increased. This is in agreement with the report by [@bb0050] who discussed that there was no relationship between altitude and prevalence of urinary schistosomiasis in Ogun state. This result is however different from investigation in Tanzania and Egypt where attitude is recognized as an important environmental factor in prevalence of urinary schistosomiasis. ([@bb0025], [@bb0060]). From the risk map, the area of high elevation coincides with regions of very low risk.

The effect of slope on the transmission of schistosomiasis is not well documented yet. Studies on snails host vectors of schistosomiasis shows that snails prefer a slope of less than 20 m/km ([@bb0020]). In this study, there was a positive relationship between slope and prevalence. Areas of high risk infection were found on gentle and moderate slopes of 10--40 m/km.

The prevalence of infection in relation to land use cover showed that the areas of high risk were composed of settlements and vegetation. This demonstrates that transmission is linked to landscape where people and disease host vector come together at the same habitat. The sparse to dense vegetation within the study area is characteristic of rural settings or agricultural areas where they practise mainly farming and a high prevalence of infection has been reported severally among farmers.

In this study, NDVI was positively correlated with schistosomiasis prevalence. This is consistent with the environmental condition necessary for the development of the snail host since snails are found in vegetated areas. The vegetation provides surface to crawl and deposit egg masses, contributes to the amount of dissolved oxygen in water and also serves as food ([@bb0085]). In Ogun state, NDVI did not show any significant association with the presence of urinary schistosomiasis ([@bb0050]) whereas in Tanzania and Egypt, NDVI was reported to be a significant environmental variable in schistosomiasis prediction. ([@bb0025], [@bb0060]).

Various studies have shown presence of infection in a place to be strongly associated with proximity to infected water bodies. The comparison between prevalence and proximity to water body in this study shows a weak negative relationship. Prevalence decreases as the distance to the water body increases. This was also observed in schools near Lake Victoria where a positive association exists between prevalence of intestinal schistosomiasis and proximity to the lake shore ([@bb0075]). Also in Kenya, infection was found to be clustered around infected water bodies ([@bb0040]). The increase in prevalence with increasing closeness to water is due to a corresponding increase in water contact activities for domestic, economic or recreational purposes. A high prevalence of infection has been recorded in school children attending schools situated close to infected water bodies.

The risk map revealed a large area of low to high risk of schistosomiasis infection in about 98% of the study area totalling to an area of 72.5km^2^ with clusters of significant infection pattern. The risk map also predicted a total of 5,936 households at low risk area of infection and 415 household at high risk areas of infection. The development of risk maps in this research shows that all households present in the study area are still at low to high risk of schistosomiasis infection despite the presence of solar boreholes and annual school children chemotherapy. The map predicts that there are no household in areas of very low risk. This observation is important in future studies on schistosomiasis in order to study schistosomiasis transmission and risk in new settlements. It is also noteworthy that the risk map developed during this study correlates perfectly with the *Schistosoma haematobuim* risk maps for Nigeria developed by [@bb0055] under the CONTRAST project. The map predicted that Ondo State is characterized by moderate risk with the possibility of having high risk communities with prevalence in excess of 50%.

5. Conclusion {#s0060}
=============

The integration of disease, spatial and environmental data offers a robust approach for a better understanding of the epidemiology of schistosomiasis. The maps produced in this study are useful in planning, monitoring and evaluation of schistosomiasis control.
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